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Application of the Analysis Method by Powers of a Small Paremeter for Study
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tekhnicheskikh statey- {Collected Scientifichechnical Articles) s No. 2,. .
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g ﬁAbcsract jt’,r Conszders how to extend the uheorem of Academ*cian M. A Leontovich'ﬂ
o ~ (i.e. on the. eq;aliCy of the energy »elocitj and group ve10c1t) in*
-non- dxusipative media) to linear waveguide systems with’ ‘perlodic
structure, for example, endovibrauors or 2N-pule circuits Appliee’
Leontovich's theorem 1o filters 10 calculaie the energy veloclty L
from the data on the’ experlmenvul investigﬂtion of’ dxssipslon.,,- o
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Methods of measuring the intensity of electric flelds in resonat ors
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Anst Journal.

Author;

¢'f7;institutionxA

Tit ies

Original

 Abstracts

Periodicals-

Referat Zhur - Fizika No 12 1956 35429

Tetel'baum, S. I., Rapoport, G. N. :

Nonn

: Classit‘ication of Dispersion Characteristics of Nondissipative
‘ AHaveguides with Periodic Structure e

»Dopovidi AN URSR, 1956 No 2 13&-136, Ukrainian' Russian reeumé

It is pmposed to determine the sign of fhe phase val o:it.; rﬂla”v& -
to the group velocity, which is always assumed positive. The terms

"normal" and "anomalous" dispersion are given in accordance with the
“sign of the derivative of phase velocity with respect to the wave-
" length. General ideas concerning the classification of the prape

ties of dispersion structures are then further stated.
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 electric Frove. (Izmereniye napryazhénnos ti elektricheskogo polya v .
‘endovibratorak) metodom smeshcheniya tgzomnsnoyrch'a‘stoty dielek-

" Received: L / 1957 - o S o
" A resonator which is limited by an ideally conduotive casing S, iadn-

gust 01, 2000
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'RAPOPORT ,G.K. . Regular Jiember of the Socie ty for Radio- ~ FA - 2296
- technology. ‘ S ' : ,
- The Measuring of the Current of the Electric Field in-Endovibrators . by

the Method of . the Shifting of Resonance Frequency by Means of a Di- -

tricheskim zondom. Russian) R : :
Radiotekhnika, 1957, Vol 12, Nr 2, pp 51-58 (v.8.8.R.) .
SRR Reviewed: 4 / 1957

vestigated. Ideal nonconductors I and I are assumed which arepeparated e

by a surface S. The theorem of the separating boundary between the two .

nonconductors in a space resonator is derived, and an approximated
formula for the: relative shift of resonance frequency in the case of a

"~ geformation of ‘the. separating boundary of two nonconductors in the endo-
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vibrator is obtained. For the case of a spherical probe with a suffi- .

. ciently small radius a the fluctuating field E, may be considered to be .
- uniform end quasisteady within the domain in which the probe is applied. -’
" The full relative shift of frequency i3 obtained. In the cass of .

& = oo the last-mentioned equation applies to the theory in‘aacbn; .

' guctive probe only if the probe is located in the node of the magnetic
field. A probe having the shape of an ‘elongated rotation ellipsoid -
~makes it possible to determine the direction of the field Eq. The -
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‘The Measuring of the Current of the Electric Field in Endo- J
vibrators by the Kethod of the Shifting of Resonance Frequency by Means
- of a Dielectric Probe. : S I

513R001344.

Pa - 2296

'frequehcj; shift will be 'greé.test if the spheroid axis takes its

course along the lines of force. The fomula for such & case is da- -
rived. Next, long needle~shaped probes are investigated. The possi-
bility of using such probes is demonstrated and it is found that they
are very effective for measuring the voltages of a longitudinal

field on the axis of the "wave-carrying” resonators with Cylindricai - ’

- symmetry, The measuring method for slight shifts of resonance fre-

quency and measuring of connecting resistances is discussed. The .
nonconductive probe offers the advantage that it reacts only to the

electric and not also to the magnetic field. (1 illustration) .

k. ASSOCTATICH: -

24,2.1956.
- Library of Congress -
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AYTHORs = . - Hapoport G I!.
'T;TL?” © - ""0On the Problem of the Propagation of anea in the Electric
A : 'Circuit of Cylindrical Resonators -
~ (K voprosuo" rasprootrenenii voln v tsepochke tailindricheskikh
' rezonatorov)

v QPERIOPICAL{I  Zhurnal Tekhn Fiz., 1957, Vol. 27, Nr. 9, PP 2105 - 2108 (USSR)

“ABSTRACT: Two variatiesct an’ equivalent acheme for “hg electric circuit
- : : of the resonator. are investigated. Qualitate y the influence’ R,
exercised by the resonance of connectingz elements is discussed. - -
A cylindrical wave guide, which is divided into equal parts hav-:
ing a length of 'L by- infinitely thin transverse walls diaphragm
'Si with s openinge, is investigated. The conductivity of the
walls is &ssumed to be perfect. It is shown that a section of
‘the linear resonator circuit can be compared with an equivalent
. [ -shaped blind (reactive) fourpole. The parameters of the .
latter are determined by the here derived equations in consider-
ation ‘of ‘the dependence of Y (propagation rarameter of the :
wave of n'h order) and Y (waVe conductivity for this wave) for.
e - - “Be and H waves upon freqﬁency. It is shown that to each eigen-" S
- jCard'1/Zj - - frequency of the cylindrical resonator there corresponds a trans -f}g
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-~ AUTHORs = - Rapoport, G. k.- N
" pITLE:  Some Results of the Nomlinear Theory ~ of Self-Oscillations of a .

'Tgbe With- an Inverse Vave With Longitudinal Field (liekotoryye re- T
- gul'taty nelineynoy tearii avtokolebaniy lumpy obratnoy volny s -
. prodol'nym polem). - ' L S

_ PERIODICAL:- 'Doklady AN SSSR, 1957, Vol. 117, Hr 3, pp. 411 - 414 (ussE)

. "ABSTRACT; =~ The present mper investigates a sinmplified model of a tube with'
o, 0L inverse wave in which the-electron bundle is considered to be the . =
discrete sequence of charged disks located at equal distances from .
- one another. The parameter of the space charge QC is considered to.
.~ be small. Therefore only the first harmonic of the longitudinal .
- Coulomb field is investipated. The most general conditions and -
the method used for the derivation of the equation are here the
‘same as in three previous works dealing with the same subjects ;
(references 4, 5, 6). The motion of each electron is ‘characterized .-
by the phase of the undisturbed wave z = y 8 - W t a z(ol,x) in.
 the point of localization of the electiron s. The electrons are di- -
" stinguished by the moments t_ of the input into the system or by . .
‘ the ‘initial phases Wt = oc . ‘The dimensionless coordinate x =
= C(@/v)s is considered to be an independent variable. Here =

_flicé:d'1/3:
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- 'Some Results of the Nonlinear Theory - of Self-Oscilled onz of u Tube With zn
- Inverse Wave With Lyngitudinal Field IR ‘ S R AU
-denotes the frequency, v - the velocity of the electrons, C = =
v =3, 2 - e v : o s
«-2,9.10°7 (I A°R__. .- A - the wavelength, R~ . _ = the
’resistancé_gf thécggg%igﬁi,df the system..For thé ex§¥RHBE of the
vortex field of the system a formula is given. “he mode of operation .
‘of the tube is determined uniquely by the initial conditions at the .
‘input of the electrons into the delayed system. The corresponding - .
system of equations and initial conditions was solved for various . :
~ values of the parameter b (parameter of the increase of velocity). -
. The dependence of the efficiency-coefficient on the reduced length
‘of the system is illustrated by means of a diagram, From this and ..
‘several other diagrams it may = seen that, in the case of opera- ..
tion with low voltage and. in the case of trigger omration, the N
amplitude of the field decrease monotonously in the direction-from™ %
" the .energy lead-off to the collector. By an increase of amperage B
-~ within the bounds of an operation with low-voltage, the optimun -
- grouping of electrons is obtained not at the end but in the niddle.
* of the range. In the case of operation excessive voltage, field o
~  distribution has a mininum, which is shifted with an incrcase of . .
. .7 . amperage from the collector towards the energy output. In this i
S Card 2/3 . case the tube with inverse wave is, more or less, subdivided into
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R , , o - 20-3-15/%2
.~ Some Results of the Nonlinear Theory of - Self-Oscillaticns of & Tube With an

3 "Inverse iave - With Longltudmal zield :
| two parts which: operate w1th counter-phase. In concluszon, the in- .-

crease of the useful  coefficient is d1ocusued. There are * figures,
- and 6 references, 1 of which is Slavic. o : :

. "ASSOCIATION:. 'Institute for Electric Engmeerln" AN U}rrainian SSR
v : o ’(Institut elelftrotexchmki Akademn mwk USSR )

*- 'PRESENTED:  June 10, 1957, bj n. N. Bogolyubov, Academician

- SUBMITTED: - June 10, 1957

';,_i:‘A‘VAILAﬁLEI o Library of Congresa L :

Card 3/3. _ '
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RAPOI’ORT 6.X.

" e traveling-da.ve tu‘ne a8 oscill_ator. Izv. 778. ucheb. zav;;lli.'w;igé
tekh. no.2% 202-208 l(r-Ap '58. R _ (MIRA 5

T 1le Rekomendmnp kafedroy radioperodayuahchikh ustroyatv Kiyevskogo
ordena Ienina polﬁolchnichelkogo instituta,
' : ('l‘ra.venng-Vave tubea)
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- AUTHORs .~ Rapoport, G.Ne =

" i1Tﬂii' e vThevanéLiqeuf'Theory of'thé Tfavglihg 'uyélTubet(u survey) -

;% bERIObltALz“ Izvestiya vysshikh uéhébnykh{znvedeniy - rﬁdiotekﬁnikn;A1958; Nr'5, ‘
Bl pp‘599—615'(USSR) . o . : S : R

“ABSTRACT : . The author gives a survey of the Traveling Wave Tubes non-linear
’ -~ theory. This theory also allows estimation of phase distortion in
‘the traveling wave amplifier. The survey gives methoda and prima-
"ry results of the traveling wave tube theory with longitudinal
- interaction. It is compiled from literature on this subject. The S
author refers to following authors:Nordsiesk, Savel'yev, Slater,
Vlasov, A.A., Brillouin, L., Poisson, Pears and Tetel'baum. The
article is recommended by the Institut elektrotekhniki AN USSR

“(Institutc of .lectrical Engineering of the}AS:UkrSSR). There are
o .. 6.graphsy 1 schedule, 39 cquations and 45 references, 25 of whieh
. Card 1/1" are Soviet, 17 English.und-3 French.:;» : : S

. SUBMITTED:  April 10, 1958 -
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ih‘}m m"ﬁ;ﬁoﬁﬁmﬁmmm AN,

o Rapoport, G.4. : S ‘ - Li=3-z-lz/ez
- TITIE; — Preliminary Results of the Nonlinear Cheory of Oscillatiss
o sf -a Backward-wave Tube with a Lonsitudinal F*eld-(Prsivari—
tel'nyye rezul'taty nelineynoy teorii avtoholeha 1y lacpy
— obratnoy voan s nrodol'nym rolem) : , : a
.ifP“RIODIFAL. Radlotehuniha i Llehtronlka, 19)8 701 III lio, 2
v . o o Py 1*'3 -~ 254 (U"'* 5
 ”ALuLR;CT It is yOlnted out’ ant the e xisting linear theory (Rﬁ*u.'

1 and 2) of the backward-wave oscillator 1 ’1Laaequaue for thke
evaluation of its- efficiency. An atterpt is sade, therefore, to o
dCS"I‘lbe the ‘system. by means of a sinmp llfled n’*ﬂ—’rlea*' £l ‘eol*r

AIn the analysis, it is assumed that the’ "attemuation 'in the CIOﬁ

wEve SJstem and the Calomb forces in the electron cr.:zrgeL can

"LC'ueglected It is also assumed thiat the system is termina ated

-be described by Eq.(2), where the electron path s is rebarded
-as.’an independent variable.  The individual electrons difler

with a matched load and that its gain is couparastively low. It

is shown that the phase of the electron Dotisn in the tube ¢gan

S Res

by 1helr 1n1t1al nbaue o = wt % The amplitude of “e,fxrgu

1

s

the- funde "entel of the lor“itudinél I3
an rbc— pr*'ecced bJ two ;3.1.0 1y c.;ar.;lvlr;‘ funecy ons’ ,'f(:r.) iy

. &)a .

is
12

-
ng
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. . Py
’Frcf-n LoD &

E Freliminzry Rc:ults ¢f the Nonlinear re
Bacl*ard-vave Tube with a Lonrltudlnal Field
I'(x) 3 5o that tte current and the fke‘d are expresse
A o <x>

. @
= Ke 'lYSF(x) R

o

: ’whe.re K 1s-a coefficient ‘chosen in 'siié;l; é*::z’amzer_'that ‘the
’(=nergJ flox, 1n the f*eld 1s blven bJ o I R
P - CIV ‘ e ] (3
'Lhe parameter’ x *is exoressed by Eo (3) 1i1"zv‘ni'ch: “u is the L
-requency, , ‘is th_gaL electron velocn.t,/,, . L ‘
= 2.9 = 10“3(1?\ R) A is the ":ave"enb‘cn and - R is

: the coupling resa.stance of the SJstem. From the above
- equations, it is shown that the electron motion can be des-—

¢cribed by Eq.(8). The operation of the tube can be deternined
from the boundary condltlono expressed by Eq. (9), where b igogs
L a ‘velqc:Lty ‘ratio.. ancx e thre anyp lwude of -the loz‘ SR :‘.--;l
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| | S o 109-3-2-12/26
Prelininary Results of the Nonlinear Thzory 6f Oscilizuion ol 2

" ‘Backward-wave Tube with a Longitudinal Field
" field st % = O , Solution of the systerm for the abore

- oundary conditions permits the determinstion of the field - o

‘at any point of the tube. However, in general, such a colution.

“does not describe the oscillatory conditions in the system, -

since, in this case, the field at tle Meollector" end of The

slow-viave system should be zero, i.e: F(H) =0 - (10), -

where - - N-=¢C % 5 S S . - SR -

and . L is the length of the system. If it is assumed that =
the real of the imaginary components of the field amplitude . i
is dependent on € and b ,-the condition imposed by Eq.(10)
“is realiseable only at certain particular values of ¢ "and b -
. which can be found from the system of equations represented
by Formulae (11). . If such values of € and b are found
- and are expressed as: C e , : S

o e =gy v, |
~the output poWer‘iS'givenjby-EQ.(la) ond the electron
‘efficiency of the tube is expressed by Bq.(13)s The gbove . .
theory was enmployed to evaluate the performance of 2 backwsrd.. -
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, o , , S ST o 209-3-2-12/268
.o Prelininery Reszults of the Noniinear. Theory o7 G:?:llarxc“»;f:a
~Baclkward-wave Tube with a Iongitudinal Field C R :

 wave oscillator. The results are shown in Figs, 1, 2,2 and 4.
- Fig.l shows the dependence of the normalised efficiency of the o

- fube as a function of a parameter 'I/I_ where I_ is the B
- trigier current of the'syStem.~'Fig.g2:shOWS théioutput poser .

- 48 a function of I/I y while the curves of Fig.3 represent

' the amplitude of the field and the fundamental of the bean
current as a function of x » PFig. 4 shOWS'phase—anplitude

~ Clagrams of the system for two different regines, . From the s
. above calculated,data, it 'is concluded that_by'increasing»the Lo
Space charge parameter from 0 to 1.5, the maximur efficiency - s
of the System 1is increased by 17%%. On the other hand, a wave-

-guide attenuation of 2.6 .db reduces the maximum efficiency

-y 28%. There,arejAVfigures and & refercnces, .5 of which are

L English-and;llRussianw S B T ‘

"r",;,_f:”SUT‘BI:iI’I"._'L‘ED‘:’ “March 13, 1957

- AVATUABIE:  Library of Congress

~o. o Card 4/4. ' ’

1. Radio engineering-Theory = 2. Mathematical analysis . A
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j,~g;AUTHOR Rapoport Gyt L : '1v9-5~~“13/<0
- TITIE: " Increase of the Efficiency of a Backward-"
L -wave Oscillator (" Carrlnotron—O") due to an Increase in
the Volume Charge Parameter (O mekhanizme vozrastanlja kpd -
“seneratora’ obratnoy rolny ("I{ar51notrona—-0") Dl‘l uvelrf '
‘chenii parametra ob"yemnogo zaryada) T

',PERIODICAL ' Radlotekhnlka i Elektronika, 1958 vol. III ‘No. 2
"7 pp. 255-261 (USSR)..

‘ _'AJSERACT" The 1ncrease in the pover ef;1c1ency of backward-wave
e tubes as a function of the volume charge parameter, QC-°, has
-been observed. by various authors (Ref.l- 5). From the data
- available, ‘it is to be expectedsthat the efficiency as a-
- function of QC  should have a maximum, but this effect has - :
. not been 1nvestlgated so far. For the study of the erIlclency,
,a sr:eclal tube is considered. . The device (see Fig.l) consists ¢
1) a cathode, 2) an accelerating electrode, 3) a coll--
o ector, 4) ~an electron beam, 5) a slow-down system having a
- low coupling resmtance 6) a- section having an increased
“coupling resistance 5 a. phasing section, 8)  a power
" output device and 95 a mached load.  The slow~down system of

the tube is composed.of a long section having a low coupling -

: {,; d-1176515t1an<‘:e | RC,B ‘» ?nd of a sho:t; secﬁ;on rlrzav'lng,a.r,larg:g‘ coun]_lng
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Inérea'sé 6['"’the' Ei‘ficiencyldr'a Backward—w‘ave ] o , o
. Oscillaser (" Carcinotron-Q") due to an lncrease -in t;xrxe;Volu;;‘c Charge o

arameter

rééistﬁénc'e R’ »fsuclrl,t'hat;,';' : ,

S RN TS - DL RN E PR I .
o meERg
_where n3 1 7 S T S

U maNer @y

v;héré :

y and: -

~Phe problem consists of determining the maximum efficilency
- of the tube ‘at various values of the .épace charge parameter..
In every case, it is necessary to find optimum values of the.
 lengths L and [ but to keep their ratio constant and
egual to V. It is shown that the amplitude of the Ifirst
“narmonic of the beam current 'il' at a-distance s  froz the

gard 2/4°
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. . S S - ' 102-3-2-1%/25%

" Incrase in the.Efficiency of a Backward-wave I
- Osciliator (" Carcinotron-0) due to an Increase in the Volume Charge
.- Parameter - E E : ‘ o o

‘ centre of the‘buhcher'éan-bé written as Eq;(4), where'the"

, “bunching coefficient is expressed by Bq.(5) in which I is -

- the beam current, Jy is the Bessel function of the first -
order, ye»='m/vj w is the frequency of tae oscillation, '
v is velocity of. the electrons; B! is the‘field'inténsityjl
in the buncher and V  1is the accelerating voltage. The
longitudinal -de-bunching in the system can be taken into
account if Bg.(5) is multiplied by an additional factor
‘expressed by Eq.(6), where h is given by Eq.(?)rand g
is the effective plasmalfrequency of the Deam. For the
oscillations of the lowest order, the phase balance in the

" pystem can be expressed by: . -
7 : o :‘ R Y '=4 "',‘7 . E N ) (8). -
alance cagn be expressed by: - R
Ly . IR i EERER -

oA = .Jl(r) s  (9). 

c

= i SRR PG z T T 3 i =
= G e e T T W I T e T T S A B T 3 e D TR g e e T g
e e T e A Y e e BT S T e e e e e B e e T e L e oS
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T SR , 106-3-2-1%2/26
 Increase of the Efficiency of,a'Backwardfwavejoscillator.,."
N '(“Carcinotrongo") due to an Increase in the Volume Charge
.. Parameter - S v . R o -
, If T is ‘defined . by EqQ(10) or by;EQ.(llv),» vfhere' c is
- a gain - parameter, and if new variables, defined by
- BEgs.(12) and (13) are introduced, the amplitude balance can ‘v
be expressed by Bq.(16). By correcting this equation by a - =
‘factor expressed by Ea.(6), the final 'a:_:p’litude balance can
be defined by: x T b b e T g
B A, g Y , o
Ay =2 'Jl'\Ao- ;_‘ sinrn:»'\,dy&‘_; an

| e e

o, -1

T

o " (op>/?

' ‘and '112 is Vtheﬁ‘ef"‘i‘ecﬁive spa’bc‘e ,'cilargé.parametér. Eq'.(l’?)f ,
RIS P is used to evaluate the performance of tie tube.: This is-done::
. by assuming that "the Bessel function J, can be expressed

APP :
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Increase of the Efficienoy,of a Backward-wave Oscilla'o
("carcinotron-0 ").due to an- Increase in the “olume Charge
Paraneter et _

108-3-7-12/26

Lanu“okimauelj by Lo (24) The céa lCUlthd reuult: aro shown
in Figs. 2, 5, & and 5. Tre curves of Fig. 2. renresent the
“amplitude of the Llrst current harmonic as a function of the
bunching coefticient, T . _Tre curves of Fig.3 represent
_ the slectron efficiency as a function of . x ; the curves.
sre constructed for the following values of o+ I) u=0,
II) k= 0. 475, III) B = 0, 94'6 IV) B.= 1 419, ) :
S Y) b= 1.585, Since the maximum efflrlech can :e'exnressed

by e R
et "“(u) e (28-,,
-omant 2/3 , . S
: ~ (n\l) ‘ .
it i* T interest %o evaluate uLe funcsion ,t;(p) ‘& greph
of f(u) is shown in Fig.4. Graphs of h- field axa’x*ude
distribution and of the current are sho in Fig.5; Curve I .
‘réfers to o= Oz,' Curve III is for w O 946, Curve IV 1s”
for W 1.419 and Curve V- is for:. u l 585, 1%t is poxn‘nd
_out t}at the above analysis is valid nrov1ded each of the tﬂO
sectlons of the SJstem has a nlde uarg;n of stab ity T
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TUOmELR.1%/28
RN Increase of the Efficiency o -8, Backward-wave L ' :
- “Uscillator {: "Carc*uauron—o due to.an Increase in *ae Volune
Charbe raraﬂeter,,' . P
f(; es. txerc L“‘AO uendency to oscxl ate) 1nd the fleld i uhef' L
- section having a low coupllng rc51stance doe- nov difect tie
‘motion of the electrons.
Trere are 5: flpure and 11 reference , 6. of vULc} are En@llsl
-5 Ruszian. -3 of the z21155.1&(1 r‘efc r mlcoc are. tran‘sl x’red fr om -
Engllsh : . R S
‘ DU’Bil TED: - IuaI‘Ch .L), 197/
EZLvAVAILABLE’ Library of Congress - =~ -~ . . -
" Card /6 ' 1, Radio engineering-Théory . 2. Mathematical analysis
S
A A ] TE=3 e e T ?_4__ RACAT D P 71_”-’:‘* S BN e e
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- BAPOPORT, G.N.
,_,.M ) .
“Nonlinear theory of traveling-wave tuoes- survey. ;zv.vys.ucheb zav,}
radiotekh. no.ﬁ 599-615 S-O '58 RN (MIRA 12 1)

1, Rel»'omendovano Institutom elektrotekhnikx AN USSR.
(vaeling-wave tubee) o
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